ture. The integrated PL also increases with temperature in the same manner as the EL, indicating that the temperature dependence is intrinsic to the recombination, rather than the injection mechanism. The strong temperature quenching of PL and EL in most semiconductors is primarily the result of the strong temperature dependence of the competing non-radiative routes-the band-toband transition is relatively temperature-independent. In our case spatial localization of the radiative carrier population decouples it from any non-radiative recombination occurring elsewhere, thus eliminating the luminescence quenching. A full understanding of the form of the weak increase of the integrated intensity with temperature seen requires further investigation; it could be associated with increased scattering within the confined carrier populations and the increase in the effective density of band states with temperature. We have also carried out EL frequency-resolved measurements that give a device response time, at room temperature, of 18 Ϯ 2 s. The PL and EL are both superlinear with excitation power and drive current respectively, meaning that the device improves further as we drive the device harder. In ref. 9 a similar dependence of the luminescence intensity is attributed, owing to a shift in emission wavelength, to sample heating. However, in our case, no such shift is observed.
The external quantum efficiency of our unpackaged planar device has been measured, based only on the light emitted just through the back window. At a 100 mA forward current the emitted light is 19.8 W giving an external quantum efficiency of ð2:0 Ϯ 0:1Þ ϫ 10 Ϫ 4 at room temperature. We also obtain significant edge emission from the device, of a further 80 W, but this is not included in our estimate of the quantum efficiency above. Taking it into account, our device has a quantum efficiency of 10 −3 . The emitted power from the face of the device was measured by placing it immediately adjacent to a large-area calibrated power meter. The power meter is an Ophir Laser Star fitted with a PD300 IR head; the instrument is certificated and calibrated with standards traceable to the National Institute of Standards. Our front emitting devices have the same efficiencies as the back emitting devices. For comparison, commercially available GaAs infrared LEDs have typical external efficiencies of 10 −2 . However, commercial packing of LEDs, in particular by minimizing the considerable internal reflection losses of the planar device and by collecting the edge emission, can improve the external efficiency by up to a factor of about 15. Our first, non-optimized devices are therefore already within a factor of 3 or so of the efficiencies achieved in conventional optimized LED devices.
We believe that the device demonstrated is the most likely candidate currently for implementing efficient light sources in silicon. Such a device would also form the basis for the development of an injection laser based on the same principles but with the incorporation of an optical cavity. The approach itself is not limited to silicon but could be applied to other materials, particularly other indirect materials and silicon alloys. For example, going from germanium to silicon to silicon carbide could produce devices, using the same approach, that could span the near-infrared region, including the 1.3 m and 1.5 m wavelength regions of the spectrum, important for optical fibre communications, and up to the ultraviolet region.
A detailed knowledge of Himalayan development is important for our wider understanding of several global processes, ranging from models of plateau uplift to changes in oceanic chemistry and climate [1] [2] [3] [4] . Continental sediments 55 Myr old found in a foreland basin in Pakistan 5 are, by more than 20 Myr, the oldest deposits thought to have been eroded from the Himalayan metamorphic mountain belt. This constraint on when erosion began has influenced models of the timing and diachrony of the IndiaEurasia collision [6] [7] [8] , timing and mechanisms of exhumation 9,10 and uplift 11 , as well as our general understanding of foreland basin dynamics 12 . But the depositional age of these basin sediments was based on biostratigraphy from four intercalated marl units 5 . Here we present dates of 257 detrital grains of white mica from this succession, using the 40 Ar- 39 Ar method, and find that the largest concentration of ages are at 36-40 Myr. These dates are incompatible with the biostratigraphy unless the mineral ages have been reset, a possibility that we reject on the basis of a number of lines of evidence. A more detailed mapping of this formation suggests that the marl units are structurally intercalated with the continental sediments and accordingly that biostratigraphy cannot be used to date the clastic succession. The oldest continental foreland basin sediments containing metamorphic detritus eroded from the Himalaya orogeny therefore seem to be at least 15-20 Myr younger than previously believed, and models based on the older age must be re-evaluated.
The Balakot Formation, located in the Hazara-Kashmir Syntaxis of Northern Pakistan, is a continental foreland basin sedimentary sequence that contains detritus eroded from the India-Eurasia suture zone and the metamorphic rocks of the Himalaya clastic red bed succession, within which are intercalated four discrete grey fossiliferous marl bands (Fig. 2) . Nummulites and assilines biostratigraphy of the marl bands has constrained the succession to 55-50 Myr (latest Palaeocene to Mid Eocene) 5 . On this basis, the Balakot Formation has been interpreted as being by far the oldest continental sedimentary succession in the foreland basin that contains detritus from the Himalayan metamorphic belt; the start of similar sedimentation did not occur elsewhere in the basin until more than 20 Myr later ( Fig. 1) : from Bangladesh 8 , through India 13 to Pakistan, although in the Kohat region of Pakistan there was a brief interlude of continental sedimentation, the 100-150-m-thick Mami Khel deposits, in the late Early Eocene (ϳ50 Myr) before marine conditions resumed 14 .
Our new data show that the Balakot Formation is at least 15-20 Myr younger than previously believed. 40 Ar- 39 Ar ages of 257 detrital single white micas separated from nine samples representing the entire thickness of the Balakot Formation show a significant population of micas 36-40 Myr old (Fig. 3a , and Supplementary Information, Table 1 ). Because a detrital mineral age cannot be younger than its host sediment depositional age, it is clear that the mica ages and biostratigraphic ages of 55-50 Myr deduced from the fossiliferous marl units are incompatible. One explanation for this apparent discrepancy could be that the mica ages do not represent cooling ages characteristic of the original source area but instead have been reset by metamorphism after deposition in the foreland basin and/or low-temperature alteration. We reject this contention, at least for the main 36-40-Myr mode, for the following reasons. First, all of the micas from the young population analysed so far by step-heating techniques (eight in total) show flat plateaux indicating no significant low-temperature alteration (Fig. 3b) . (We do note, as expected, that some of the micas Ͼ200 Myr old do show some evidence of alteration; the plateaux are not shown. In addition, it is possible that at least some of the apparently youngest grains analysed by total-fusion techniques, that is, the four grains Ͻ32 Myr old in Fig. 3a , have been altered.) Second, electron microprobe traverses of the micas (Supplementary Information) show that ϳ50% of the micas analysed show no evidence of alteration (as determined by alkali loss) and that, of the remaining 50%, alkali loss is largely confined to grain edges; in most of these latter grains the loss is insubstantial. Last, epizone/greenschist facies conditions (above ϳ375 ЊC) are required to reset Ar-Ar age patterns in detrital illitewhite mica 15 . Petrographic analysis shows that the Balakot Formation has been subjected to only relatively low grades of burial metamorphism (prehnite-pumpelyite facies, that is, corresponding to anchizone, ϳ200-375 ЊC) 5, 16 . This is supported by illite crystallinity measurements, performed on the Ͻ2-m predominantly diagenetic component of the rock, which give an average Hb rel value of 254 Ϯ 43 ( Supplementary Information, Table 3 ). These values correspond to the lower anchizone and upper diagenetic zones, implying that these rocks have been subjected to metamorphic conditions of ϳ200 Ϯ 50 ЊC [17] [18] [19] , which is insufficient to reset 40 Ar- 39 Ar ages in detrital white mica. We are therefore confident that the 40 Ar- 39 Ar single-crystal mica dates are detrital mineral ages representing the timing of cooling and exhumation in the Himalayan source region, before erosion and deposition with the Balakot Formation, and therefore serve as a robust maximum estimate for the age of sedimentation.
Bossart and Ottiger 5 mapped the Balakot Formation in the Kaghan valley as a steeply north-dipping, homoclinal, normal stratigraphic succession. However, our detailed mapping (Fig. 2) , aided by substantial new exposure owing to extensive road building, revealed that the Balakot Formation is intensely folded, with the fossiliferous marl bands outcropping near the cores of anticlines or high-strain zones. These zones are characterized by a penetrative cleavage nearly parallel to bedding, suggestive of intense bedding transposition. Systematic near-vertical slickensides and elongated reduction spots indicate cleavage/parallel slip in the vertical direction. We therefore argue that the marl units are part of an underlying formation, exposed by subsequent deformation related to shear folding and thrusting (Fig. 2b) . In addition, we disagree with the interpretation of Bossart and Ottiger 5 that the contact between the Balakot Formation and underlying Palaeocene Patala Formation is conformable. In the region described by Bossart and Ottiger (Behrin Katha), there is insufficient exposure for adequate interpretation. North of Balakot, the Patala Formation outcrops in a highly tectonized zone, imbricated between the west-dipping Abbottabad Formation to the south, and the northeast-dipping Balakot Formation to the north. The Patala Formation is characterized by a penetrative mylonitic foliation with associated down-dip fault striae and displays numerous shearsense indicators, all suggestive of top-to-the-southwest thrust motion. Near the contact between the Patala and the Balakot formations, the Patala Formation occurs in thin imbricated slivers with the Balakot Formation, and displays sheared-out isoclinal folds. No primary sedimentary features are preserved in the Patala Formation. The contact region is therefore intensely tectonized and we believe that there is inadequate evidence for a conformable contact.
Thus, the petrographic and structural constraints are consistent with the detrital mica ages, showing that the Balakot Formation is no older than 36-40 Myr and is possibly significantly younger. Therefore, the first record of continental foreland basin sediments that contain evidence for erosion from the Himalayan metamorphic belt is Ͼ15-20 Myr later than previously believed; models influenced by the older age will need to be re-evaluated in the light of these new data.
Stratigraphic data provide one of the most compelling lines of evidence for the timing and diachrony of collision 7, 20 : initiation of orogen-derived foreland basin sedimentation provides a minimum age for orogenic loading of the crust. The marine to continental facies transition in the suture and foreland basin, and variation along strike, has been used to determine the timing and degree of diachrony of collision [6] [7] [8] , from which estimates of the amount of accommodation of strain by extrusion have been made 6 . Rowley 6 concluded that only in western Zanskar-Hazara was dating (on the oldest syncollisional continental red beds of the Chulung La Formation in Zanskar and the Balakot Formation in Hazara) sufficiently precise to permit the accurate determination of the marine to continental facies transition at 51 Myr. Further east, stratigraphic data can constrain collision only at Ͻ45 Myr, indicating Ͼ7 Myr diachrony. However, because the Chulung La Formation is unfossiliferous, its Early Eocene age is based only on its stratigraphic position, unconformably above the Late Paleocene Dibling Limestone, and its assumed but unproved correlation with the fossiliferous marine Kong Slates of that age 21, 22 . Hence, Early Eocene is only a robust maximum age for the Chulung La red beds, and the stratigraphic argument rests heavily on the Balakot Formation. Our revised Balakot Formation age of Ͻ35 Myr therefore removes all stratigraphic evidence for diachronous collision and also reduces the accuracy of the stratigraphically determined timing of collision (previously taken as 51 Myr) 6 to between 55 Myr (ref. 21) (the youngest marine facies) and Ͻ35 Myr.
The earliest record of substantial Himalayan erosion, Ͼ15 Myr later than previously believed, forces a reconsideration of the timing and mechanisms of exhumation and uplift, and sedimentary responses to tectonic events. Although it is possible that older sediments are preserved further north beneath the thrust belt or near the base of the Indus or Bengal Fans, the Balakot Formation can no longer be taken as evidence of significant early erosional exhumation synchronous with the initial stages of collision, metamorphism and initiation of a period of rapid cooling, thrusting and extension that began in the Eocene 9, 10 . Thus, the relative importance of tectonic exhumation might be increased. Evidence of uplift by 55-50 Myr, as inferred from the interpreted thrust-belt barrier required to explain the contrasting provenance between the previously assumed coeval Chulung La suture zone sediments and the Balakot Formation foreland basin sediments 11 , is no longer substantiated.
Our revision of the age and structure of the Balakot Formation affects current models of the early stages of foreland basin evolution. Burbank et al. 12 surmised that basin geometry was affected by changes in the rigidity of the underthrust plate with time. The thickness and age of the Balakot Formation supported the conten- 
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tion that younger and weaker Indian crust subducted during the earliest stages of collision would be reflected in a narrower and deeper basin. This early basin subsided rapidly, with sedimentation rates (calculated from the intercalated marl bands) 5 up to an order of magnitude higher than during later stages of basin evolution in the Neogene 12 . Our documentation of the structure of the Balakot Formation not only substantially decreases its stratigraphic thickness, and hence estimates of the depth of the basin at this time, but also shows that the marl bands cannot be used to determine sedimentation rates of the clastic deposits and therefore that there is no constraint on the early sedimentation and subsidence history of the basin. Our new age for the Balakot Formation negates its use as evidence of early orogenic loading and flexural subsidence, and removes the Hazara-Kashmir syntaxis region from its previously anomalous status to the otherwise basin-wide 13, 23 occurrence of a Ͼ20 Myr unconformity separating marine and continental facies. 
